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ABSTRACT 

Background: A few studies reported an association between body weight during early childhood and body 
composition in later life, as measured by dual-energy X-ray absorptiometry (DXA); however, none of those studies 
investigated an East Asian population. In a Japanese population, we examined the association between body weight 
at age 3 years and body composition at age 1 1 years, as measured using DXA. 

Methods: The source population was 726 fifth-grade school children enrolled at 3 public schools in Shizuoka 
Prefecture, Japan from 2008-2010. All children who lived in the study area went to 1 of these 3 schools. DXA was 
used to obtain data on body composition, and the Maternal and Child Health Handbook was used to calculate body 
mass index (BMI). The general linear model was used for statistical analysis. 

Results: We were able to analyze data on body composition at age 11 years and BMI in early childhood for 550 
children. BMI at age 3 and change in BMI z-score from birth to age 3 were positively associated with bone mineral 
content (BMC), fat-free soft tissue mass (FFSTM), and fat mass (FM) at age 11. After adjusting for confounding 
factors, mean BMC, FFSTM, and FM were significantly lower among children who were underweight at age 3 and 
significantly higher among children who were overweight at age 3, as compared with values for normal-weight 
children at age 3. 

Conclusions: Among Japanese children, body weight at age 3 years predicts body composition at age 11 years. 
Key words: body composition; child; development; nutrition 



INTRODUCTION 

Many studies have suggested that there are several 
critical periods in obesity development. 1 " 4 A recent 
prospective cohort study found that an increase in weight 
velocity from age 1 to 5 years is the most important predictor 
of body mass index (BMI) in young adults. 5 Another, 
longitudinal study found that most excess weight before 
puberty is gained before age 5 years and that weight at this 
age closely predicts weight at puberty. 6 One hypothesis 
attracting increasing attention is that childhood obesity can 
be predicted by body weight in infancy and during preschool. 
However, the relevant studies used body weight during 
later life as an outcome. Because body weight reflects 
both lean and fat mass (FM), it is an insufficient index 
of obesity, which is defined as abnormal or excessive fat 
accumulation. 7 



Pubertal body composition is believed to be important 
due to its linkage with the risk of chronic diseases in 
adulthood and its usefulness for disease risk assessment. 8 
Accordingly, body composition in pubertal children needs to 
be assessed as an outcome. A prospective cohort study using 
foot-foot impedance reported that rapid weight gain from 
age 1 to 4 years is associated with FM and lean mass at 
age 9 years. 9 In addition, a study using air-displacement 
plethysmography revealed an association between weight 
gain at age 3 to 6 years and body composition at age 17 
years. 10 

Dual-energy X-ray absorptiometry (DXA) can be used to 
evaluate childhood obesity and determine FM, fat-free soft 
tissue mass (FFSTM), and bone mineral content (BMC). 11 
DXA is increasingly being used as a criterion or reference for 
comparison with other measurements of body composition. 12 
Only a few studies have examined the association between 
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body weight during early childhood and body composition, 
as measured by DXA, in later life. 13-17 In 1 such study in 
southwest England, larger body size at birth was associated 
with higher fat and higher lean mass at age 9 to 10 years. 13 
The Fels Longitudinal Study reported that white infants with 
catch-up growth tended to have greater FM in adulthood. 14 In 
addition, a study in Greater London and Cambridgeshire 
reported that higher birth weight was associated with higher 
fat-free mass in later life. 16 The same study group also 
reported an association between postnatal weight gain and 
body composition in obese whites aged 5 to 22 years. 17 
Although these findings suggest that body weight in early 
childhood might be associated with pubertal body com- 
position in the Japanese population, the relationship between 
body fat and BMI is known to differ across ethnic groups. 18 
A World Health Organization Expert Consultation reported 
that Asians have a higher percentage of body fat than do 
whites with the same BMI. 19 Nevertheless, there are no 
data for East Asian populations on the association between 
body mass in early childhood and body composition in 
later life. 

In Japan, maternal and child health services requires that 
3 -year-old children undergo physical examinations, and 
these are routinely performed by local governments for all 
children. 20 Because pubertal body composition is linked 
with onset of chronic diseases in adulthood, 8 knowledge 
of a relationship between BMI at age 3 years (as determined 
using data from health examinations of 3 -year-olds) and 
pubertal body composition may be useful for early childhood 
prevention of chronic disease in adulthood. Accordingly, 
we investigated the association between body weight during 
early childhood (age 0-3 years) and body composition at age 
1 1 years, as measured by DXA, in a Japanese population. 

METHODS 

Study population 

The source population was fifth-grade school children 
who attended Aritama Elementary School, Fukuroi-kita 
Elementary School, and Sekishi Elementary School in 
Shizuoka Prefecture, Japan (726 children: 393 boys and 333 
girls). These are public schools in Hamamatsu City and 
Fukuroi City. All children who lived in the study area went 
to 1 of these 3 schools, as there are no private schools in these 
regions. Our study was approved by the Ethics Committee 
of Kinki University Faculty of Medicine and was performed 
in accordance with the ethical standards set forth in the 1964 
Declaration of Helsinki. The study procedures were explained 
to all parents of participants, and written informed consent 
was obtained from the parents. 

Body composition 

Whole-body and regional compositions (BMC, FFSTM, and 
FM) were determined with a single DXA scanner (QDR- 



4500A, Hologic Inc., Bedford, MA, USA) that was brought to 
the schools in a mobile test room. Testing was performed at 
Aritama Elementary School (Feb 2008, Feb 2009, Feb 2010, 
and Nov 2010), Fukuroi-kita Elementary School (Sep 2009), 
and Sekishi Elementary School (Dec 2010). Children wore 
light clothing without metal objects while undergoing whole- 
body scanning. Truncal FM was distinguished from arm, leg, 
and head FM, as previously described. 21 Arm, leg, and head 
measurements were isolated from trunk measurements using 
computer-generated default lines, with manual adjustment, on 
the anterior view planogram. Specific anatomical landmarks 
(chin, center of the glenohumeral joint, and femoral neck axis) 
defined the trunk. 

Body composition components were evaluated using 
height-normalized indices to avoid the ambiguities that 
result when these components are reported as percentages 
of body weight. 22 BMC index (BMC1, kg/m 2 ), FFSTM 
index (FFSTMI, kg/m 2 ), and FM index (FMI, kg/m 2 ) were 
calculated as BMC, FFSTM, and FM weight (kg) divided 
by the height squared (m 2 ), respectively. 

Anthropometry 

Using the Maternal and Child Health Handbook (MCH 
Handbook), parents transcribed body weight and length 
at birth to a questionnaire. The MCH Handbook system 
in Japan is designed to promote maternal/child health among 
all pregnant women and children younger than 6 years. 23 
The MCH Handbook is distributed by local governments 
when pregnant women register, and almost 100% of pregnant 
women use the handbook. 24 In Japan, physical examinations 
of 3 -year-old children are required by maternal and child 
health services and are routinely performed by local 
governments for all children. 20 Height and weight, among 
other variables, are measured during this examination. 25 A 
record of the health examination at age 3 (including body 
weight and height) is also included in the MCH Handbook. 24 
Body weight and height at age 3 were transcribed to the 
questionnaire from the Maternal MCH Handbook by parents. 
Body weight and height of the mother of children at age 1 1 
years were also obtained by self-report. Body weight, height, 
and waist circumference (WC) at age 1 1 years were measured 
at the time of body composition measurements. The method 
for measuring WC was previously reported in detail. 21 In 
brief, horizontal WC was measured at the umbilicus while 
standing, after normal expiration. 

BMI was calculated as weight (kg) divided by the height 
(or newborn length) squared (m 2 ). The international BMI cut 
offs for child overweight at age 3 years (based on the adult cut 
off of BMI 25 kg/m 2 ) were used. 26 Similarly, the international 
BMI cut offs for child underweight at age 3 (based on the 
adult cut off of BMI 18.5 kg/m 2 ) were used. 27 Age- and 
sex-specific BMI z-scores were calculated as set forth by the 
World Health Organization Multicentre Growth Reference 
Study Group. 28 
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Statistical analysis 

The unpaired /-test was used to compare characteristics of 
boys and girls. Pearson's correlation test was used to assess 
correlations of body composition components at age 1 1 with 
BMI in early childhood and BMI of mothers of 11 -year-old 
children. Mean values for components of body composition 
were calculated after adjusting for potential confounding 
factors, including sex, BMI at birth, and maternal BMI, 
using the general linear model with multiple comparisons. A 
P-value less than 0.05 was considered statistically significant. 
Statistical analyses were performed with SPSS Statistics 
Desktop for Japan, Version 20.0 (IBM Japan, Ltd., Tokyo, 
Japan). 

RESULTS 

Among the source population, 637 children (336 boys 
and 301 girls) underwent DXA measurement of body 
composition. From these 637 children, we were able to 
obtain information on BMI at birth, BMI at age 3 years, 
and current maternal BMI for 550 (286 boys and 264 girls; 
mean age, 11.2 years; 75.8% of the source population). The 
data from these 550 children were analyzed. 

Table 1 shows the characteristics of the participants. At 
birth and age 3, height and weight were significantly higher in 
boys than in girls. At age 1 1 years, height, BMC, and total FM 
was significantly higher in girls than in boys, and FFSTM1 
was significantly lower in girls than in boys. 

Table 2 shows the correlations of body composition com- 
ponents at age 11 with early childhood BMI and maternal 
BMI. BMI at age 3 was significantly correlated with BMC1, 
FFSTMI, trunk FMI, and total FMI at age 11 in both sexes. 
In addition, change in BMI z-score from birth to age 3 was 
significantly correlated with BMC1, FFSTMI, trunk FMI, and 
total FMI at age 1 1 in both sexes. BMI at birth was weakly 
correlated with FFSTMI in boys, but it was not correlated with 
BMCI, FFSTMI, trunk FMI, or total FMI in girls. BMI among 
mothers of children aged 1 1 years was significantly correlated 
with FFSTMI, trunk FMI, and total FMI of children at age 11 
in both sexes. 

Table 3 shows adjusted mean BMCI, FFSTMI, and total 
FMI at age 11. After adjusting for confounding factors 
(including sex, BMI at birth, and maternal BMI), BMCI, 
FFSTMI, and FMI were significantly lower in children who 
were underweight at age 3 and significantly higher in children 
who were overweight at age 3, as compared with values for 
normal-weight children. There were also significant dose- 
dependent trends for body composition at age 11, relative to 
weight status at age 3. 

DISCUSSION 

This is the first study to report an association between BMI in 
early childhood and body composition in later childhood in a 



Table 1. Characteristics of participants 



Boys (n = 286) Girls (n = 264) P-value a 

At birth 



I pnnth (rm\ 

1 i y li 1 • • ) 


49.28 




0.13 


48 67 + 0 14 


0.001 


Wpinht (ka) 


3.04 




0.02 


2 92 + 0 02 


<0.001 


BMI (kg/m 2 ) 


12.47 


+ 


0.07 


12.28 ± 0.07 


0.08 


At anp ^ \/par«i 












Hpinht (cm) 


95.38 




0.30 


94 21 + 0 25 


0.003 


Wpiaht (ka) 


14.39 


+ 


0.10 


13 92 + 0 10 


0.001 


BMI (kg/m 2 ) 


15.79 




0.07 


15 67 + 0 08 


0.3 


At anp 11 vparc; 












Hpinht frm^ 

1 I^IVJIIL IOIIIJ 


141.86 




0.39 


144 1<5 + n 


<0.001 


Weiqht (kq) 


34.67 


± 


0.42 


35.20 ± 0.40 


0.4 


BMI (kg/m 2 ) 


17.10 


± 


0.15 


16.83 ±0.14 


0.2 


WC (cm) 


63.66 


+ 


0.42 


63.54 ± 0.37 


0.8 


SBP (mmHg) 


102.55 


+ 


0.63 


105.25 ±0.68 


0.004 


DBP (mmHg) 


55.33 


+ 


0.46 


57.95 ± 0.50 


<0.001 


BMC (kg) 


1.02 


+ 


0.01 


1.06 ±0.01 


0.01 


BMCI (kg/m 2 ) 


0.51 


+ 


0.00 


0.51 ±0.00 


0.8 


FFSTM (kg) 


28.00 


+ 


0.25 


27.91 ± 0.25 


0.8 


FFSTMI (kg/m 2 ) 


13.84 


± 


0.07 


13.36 ±0.07 


<0.001 


Trunk FM (kg) 


2.14 


± 


0.09 


2.38 ±0.08 


0.054 


Trunk FMI (kg/m 2 ) 


1.04 


+ 


0.04 


1.13±0.04 


0.1 


Total FM (kg) 


6.98 


± 


0.21 


7.61 ±0.18 


0.03 


Total FMI (kg/m 2 ) 


3.42 


+ 


0.09 


3.63 ± 0.08 


0.1 



BMI, body mass index; WC, waist circumference; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; BMC, bone mineral content; 
BMCI, bone mineral content index; FFSTM, fat-free soft tissue mass; 
FFSTMI, fat-free soft tissue mass index; FM, fat mass; FMI, fat mass 
index. 

Values represent mean ± standard error. 

a The unpaired f-test was used to compare characteristics of boys and 
girls. 



Japanese population. In the present study, BMI at age 3 years 
was positively associated with body composition components 
at age 1 1 years. Specifically, as compared with normal-weight 
children at age 3, BMC, fat- free mass, and FM were lower in 
11 -year-old children who were underweight at age 3 and 
higher in children who were overweight at age 3. 

Few studies have examined the association between body 
weight during early childhood and body composition, 
as measured by DXA, in later life. 13-17 In the large-scale 
Avon Longitudinal Study of Parents and Children (3006 
boys and 3080 girls), conducted in southwest England, a 
higher ponderal index at birth was associated with both higher 
fat mass and higher lean mass at age 9 to 10 years. 13 
In a relatively small-scale study in Greater London and 
Cambridgeshire, United Kingdom, Chomtho et al reported 
that birth weight was positively associated with fat-free mass, 
but not with FM, later in life. 16 In the same geographic region, 
Wells et al reported that birth weight was only a weak 
predictor of tissue mass. 17 In the present Japanese population, 
although there was a very weak association between BMI at 
birth and lean mass in boys, BMI at birth was not significantly 
associated with body fat later in life in either sex. Thus, 
it might be difficult to predict late body composition by 
using BMI at birth. With respect to growth patterns in early 
childhood, Chomtho et al reported that relative weight gains 
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Table 2. Correlations of body composition components at age 11 years with early childhood BMI and maternal BMI 

BMI at birth BMI at age 3 years Change in BMI Maternal BMI 

3 ' z-score 





r 


H 


r 


H 


r 


H 


r 


H 


Boys (n = 286) 


















BMC (kg) 


0.130 


0.03 


0.280 


<0.001 


0.108 


0.07 


0.107 


0.07 


BMCI (kg/m 2 ) 


0.013 


0.8 


0.270 


<0.001 


0.194 


<0.001 


0.083 


0.2 


FFSTM (kg) 


0.211 


<0.001 


0.291 


<0.001 


0.053 


0.4 


0.175 


0.003 


FFSTMI (kg/m 2 ) 


0.143 


0.02 


0.338 


<0.001 


0.142 


0.02 


0.208 


<0.001 


Trunk FM (kg) 


0.060 


0.3 


0.221 


<0.001 


0.120 


0.04 


0.306 


<0.001 


Trunk FMI (kg/m 2 ) 


0.044 


0.5 


0.220 


<0.001 


0.131 


0.03 


0.312 


<0.001 


Total FM (kg) 


0.094 


0.1 


0.267 


<0.001 


0.127 


0.03 


0.296 


<0.001 


Total FMI (kg/m 2 ) 


0.068 


0.3 


0.264 


<0.001 


0.145 


0.01 


0.302 


<0.001 


Girls (n = 264) 


















BMC (kg) 


0.073 


0.2 


0.186 


0.002 


0.095 


0.1 


0.100 


0.1 


BMCI (kg/m 2 ) 


0.057 


0.4 


0.230 


<0.001 


0.143 


0.02 


0.090 


0.1 


FFSTM (kg) 


0.096 


0.1 


0.231 


<0.001 


0.113 


0.07 


0.158 


0.01 


FFSTMI (kg/m 2 ) 


0.088 


0.2 


0.329 


<0.001 


0.200 


0.001 


0.184 


0.003 


Trunk FM (kg) 


0.078 


0.2 


0.240 


<0.001 


0.135 


0.03 


0.253 


<0.001 


Trunk FMI (kg/m 2 ) 


0.066 


0.3 


0.251 


<0.001 


0.153 


0.01 


0.265 


<0.001 


Total FM (kg) 


0.099 


0.1 


0.290 


<0.001 


0.159 


0.01 


0.285 


<0.001 


Total FMI (kg/m 2 ) 


0.087 


0.2 


0.310 


<0.001 


0.185 


0.003 


0.300 


<0.001 



BMI, body mass index; BMC, bone mineral content; BMCI, bone mineral content index; FFSTM, fat-free soft tissue mass; FFSTMI, fat-free soft 
tissue mass index; FM, fat mass; FMI, fat mass index. 

Change in BMI z-score was calculated using BMI z-score at birth and BMI z-score at age 3 years. 
Pearson's correlation test was used. 



Table 3. Adjusted mean values for body composition 
components at age 11 years by weight status at 
age 3 years 

BMI at age 3 years 



Underweight 
(n = 68) 



Normal- 
weight 
(n = 454) 



Pfor 

Overweight trend 
(n = 28) 



BMCI (kg/m 2 ) 0.48±0.01 a 0.51 ±0.00 0.54±0.01 b <0.001 
FFSTMI (kg/m 2 ) 13.08 ±0.14 a 13.63 ±0.05 14.56 ±0.21 a <0.001 
Total FMI (kg/m 2 ) 2.95±0.17 c 3.52 ±0.06 4.88±0.25 a <0.001 

BMI, body mass index; BMCI, bone mineral content index; FFSTMI, 
fat-free soft tissue mass index; FMI, fat mass index. 
Values are mean ± standard error adjusted for sex, BMI at birth, and 
maternal BMI. 

a Compared with the normal group (P< 0.001) using the general linear 
model. 

b Compared with the normal group (P = 0.009) using the general linear 
model. 

■Compared with the normal group (P = 0.001 ) using the general linear 
model. 



from 0 to 3 months and from 3 to 6 months were positively 
associated with childhood FM and fat-free mass in Greater 
London and Cambridgeshire. 15 The Fels Longitudinal Study 
also reported that infants with catch-up growth tended to 
have greater FM in adulthood than did infants with catch- 
down growth or no significant change in weight status in a 
white population. 14 In the present Japanese population, BMI at 
age 3 years and change in BMI z-scores from birth to age 3 
years were significantly associated with components of fat- 



free mass and FM at age 11 years. Thus, our results are 
consistent with those of previous studies 14 ' 16 and suggest that 
Japanese health examinations of 3-year-old children, which 
are routinely performed for all children by local governments 
in Japan, are an effective tool for predicting body composition 
in later life. 

The early programming hypothesis suggests a potential 
mechanism for the relationship between BMI in early 
childhood and body composition in later childhood. 29 
According to this hypothesis, hormonal programming 
induced by early nutritional experience and growth rate 
influences subsequent metabolism and hence growth rate. 9 ' 30 
A recent study reported that high weight gain in infancy 
influenced both body fat and concentrations of ghrelin and 
adiponectin in adolescence. 31 However, little evidence exists 
for this hypothesis, and mechanisms that might link early-life 
BMI and later body composition have not been identified. 

The present study used height-normalized indices but 
did not express body composition as a percentage of body 
weight. Vanltallie et al reported that expressing fat-free mass 
and FM as percentages of body weight is problematic. For 
instance, tall patients with protein-energy malnutrition can 
have fat-free mass and FM values similar to those of shorter, 
well-nourished individuals. 22 In the present study, although 
BMI at age 3 years was positively associated with BMCI 
and FFSTMI, BMI at age 3 was inversely associated with 
later BMC/body weight (%BMC) and FFSTM/body weight 
(%FFSTM) (r = -0.159 and -0.287, respectively) in boys. 
The underlying reason for this heterogeneity might be that 
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body weight at age 3 is positively associated with body weight 
at age 11. Thus, an increase in body weight at age 11 is 
also associated with lower %BMC and %FFSTM. We used 
height-normalized indices to allow for a clear interpretation 
of the relationship between BMI at age 3 and later body 
composition. 

This study has several limitations worth noting. First, data 
were obtained from only 1 prefecture in Japan rather than by 
selection from the entire country. In addition, we have no data 
on the demographic characteristics of children who did not 
participate in the study (24.2% of the source population). 
However, mean body height and mean body weight of the 
3 -year-olds included in this study are consistent with those 
reported in a Japanese national survey. Standard growth charts 
for height and weight of Japanese children show that mean 
height is 93.3 cm for boys and 92.1 cm for girls, and mean 
weight is 13.8kg for boys and 13.1kg for girls at age 3. 32 
Height and weight at birth and age 11 were also similar to 
those in the national survey. 32 As compared with a multicenter 
design, the present single-center study design is better for 
quality control of body composition measurements. A second 
limitation was that the study design was retrospective, and 
we did not confirm whether parents actually referred to 
information in the MCH Handbook. Therefore, the accuracy 
of anthropometric data at birth and age 3 is unclear. However, 
mean anthropometric values in the present study are consistent 
with those in the national survey, which supports the validity 
of completing questionnaires using information from MCH 
Handbooks. Third, we could not obtain a precise age in 
months for the 3-year-olds (eg, 3 years 0 months or 3 years 
11 months). Children gain significant height and weight 
from 3 years 0 months to 3 years 1 1 months, and these gains 
might be relevant in classifying 3 -year-olds as under- or 
overweight. However, change in BMI in both sexes was less 
than 0.2kg/m 2 from 3 years 0 months to 3 years 11 months 
in the Japanese national survey. 32 Thus, in our view, this 
limitation does not affect the strength of predictions regarding 
body composition at age 1 1 years. Fourth, we did not conduct 
a validation study on self-reported maternal height and 
weight. However, it was reported that self-reported values 
for height and weight appear to be valid in Japanese adults. 33 
Fifth, although body composition in children who reach 
puberty is likely to be affected by hormonal activity, we could 
not ascertain pubertal status in this study. Thus, we could not 
control for the effect of puberty on body composition. 

In conclusion, BMI at age 3 years was positively associated 
with BMC, FFSTM, trunk FM, and whole-body FM at age 
1 1 years in Japanese children. Body weight in early childhood 
predicted pubertal body composition. Specifically, com- 
ponents of body composition in later life were significantly 
lower among children who were underweight in early 
childhood and significantly higher among children who 
were overweight in early childhood, as compared with those 
of normal-weight children. 



ACKNOWLEDGMENTS 

The authors would like to thank the teaching staff of Aritama 
Elementary School, Fukuroi-kita Elementary School, and 
Sekishi Elementary School and Dr. Toshiko Okamoto for 
their support. This work was supported by Grants-in-Aid for 
Scientific Research (#19657077, #21657068, and #22370092) 
from the Japanese Society for the Promotion of Science. 
Conflicts of interest: None declared. 



REFERENCES 

1 . Law CM, Barker DJ, Osmond C, Fall CH, Simmonds SJ. Early 
growth and abdominal fatness in adult life. J Epidemiol 
Community Health. 1992;46:184-6. 

2. Dietz WH. Critical periods in childhood for the development of 
obesity. Am J Clin Nutr. 1994;59:955-9. 

3. Ong KK. Size at birth, postnatal growth and risk of obesity. 
Horm Res. 2006;65 Suppl 3:65-9. 

4. Yu ZB, Han SP, Zhu GZ, Zhu C, Wang XJ, Cao XG, et al. Birth 
weight and subsequent risk of obesity: a systematic review and 
meta-analysis. Obes Rev. 201 1 ; 12:525^-2. 

5. McCarthy A, Hughes R, Tilling K, Davies D, Smith GD, 
Ben-Shlomo Y. Birth weight; postnatal, infant, and childhood 
growth; and obesity in young adulthood: evidence from 
the Barry Caerphilly Growth Study. Am J Clin Nutr. 2007; 
86:907-13. 

6. Gardner DS, Hosking J, Metcalf BS, Jeffery AN, Voss LD, 
Wilkin TJ. Contribution of early weight gain to childhood 
overweight and metabolic health: a longitudinal study (EarlyBird 
36). Pediatrics. 2009;123:e67-73. 

7. Wells JC. A Hattori chart analysis of body mass index in infants 
and children. Int J Obes Relat Metab Disord. 2000;24:325-9. 

8. Siervogel RM, Demerath EW, Schubert C, Remsberg KE, 
Chumlea WC, Sun S, et al. Puberty and body composition. Horm 
Res. 2003;60 Suppl 1:36-45. 

9. Wells JC, Hallal PC, Wright A, Singhal A, Victora CG Fetal, 
infant and childhood growth: relationships with body com- 
position in Brazilian boys aged 9 years. Int J Obes (Lond). 
2005;29:1192-8. 

10. Ekelund U, Ong K, Linne Y, Neovius M, Brage S, Dunger DB, 
et al. Upward weight percentile crossing in infancy and early 
childhood independently predicts fat mass in young adults: the 
Stockholm Weight Development Study (SWEDES). Am J Clin 
Nutr. 2006;83:324-30. 

11. Helba M, Binkovitz LA. Pediatric body composition analysis 
with dual-energy X-ray absorptiometry. Pediatr Radiol. 
2009;39:647-56. 

12. Shypailo RJ, Butte NF, Ellis KJ. DXA: can it be used as a 
criterion reference for body fat measurements in children? 
Obesity (Silver Spring). 2008;16:457-62. 

13. Rogers IS, Ness AR, Steer CD, Wells JC, Emmett PM, Reilly 
JR, et al. Associations of size at birth and dual-energy X-ray 
absorptiometry measures of lean and fat mass at 9 to 10 y of age. 
Am J Clin Nutr. 2006;84:739-47. 

14. Demerath EW, Choh AC, Czerwinski SA, Lee M, Sun SS, 
Chumlea WC, et al. Genetic and environmental influences on 



J Epidemiol 2012;22(5):411-416 



416 



Preschool Weight and Later Body Composition 



infant weight and weight change: the Fels Longitudinal Study. 
Am J Hum Biol. 2007;19:692-702. 

15. Chomtho S, Wells JC, Williams JE, Davies PS, Lucas A, 
Fewtrell MS. Infant growth and later body composition: 
evidence from the 4-component model. Am J Clin Nutr. 
2008;87:1776-84. 

16. Chomtho S, Wells JC, Williams JE, Lucas A, Fewtrell MS. 
Associations between birth weight and later body composition: 
evidence from the 4-component model. Am J Clin Nutr. 
2008;88:1040-8. 

17. Wells JC, Haroun D, Levene D, Darch T, Williams JE, Fewtrell 
MS. Prenatal and postnatal programming of body composition in 
obese children and adolescents: evidence from anthropometry, 
DXA and the 4-component model. Int J Obes (Lond). 
2011;35:534-^t0. 

18. Deurenberg P, Yap M, van Staveren WA. Body mass index and 
percent body fat: a meta analysis among different ethnic groups. 
Int J Obes Relat Metab Disord. 1998;22:1164-71. 

19. WHO Expert Consultation. Appropriate body-mass index 
for Asian populations and its implications for policy and 
intervention strategies. Lancet. 2004;363:157-63. 

20. Japan. Ministry of Health and Welfare. Japanese system 
of family planning and MCH services. JOICFP Rev. 1985; 
(8):28-32. 

21. Fujita Y, Kouda K, Nakamura H, Iki M. Cut-off values of body 
mass index, waist circumference, and waist-to-height ratio to 
identify excess abdominal fat: population-based screening of 
Japanese schoolchildren. J Epidemiol. 2011;21:191-6. 

22. Vanltallie TB, Yang MU, Heymsfield SB, Funk RC, Boileau RA. 
Height-normalized indices of the body's fat-free mass and fat 
mass: potentially useful indicators of nutritional status. Am J 
Clin Nutr. 1990;52:953-9. 

23. Takayanagi K, Iwasaki S, Yoshinaka Y. The role of the Maternal 
and Child Health Handbook system in reducing perinatal 
mortality in Japan. Clin Perform Qual Health Care. 1993;1: 



29-33. 

24. Nakamura Y. Maternal and child health Handbook in Japan. 
Japan Medical Association Journal. 2010;53:259-65. 

25. Takahashi E, Yoshida K, Sugimori H, Miyakawa M, Izuno T, 
Yamagami T, et al. Influence factors on the development of 
obesity in 3-year-old children based on the Toyama study. Prev 
Med. 1999;28:293-6. 

26. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a 
standard definition for child overweight and obesity worldwide: 
international survey. BMJ. 2000;320:1240-3. 

27. Cole TJ, Flegal KM, Nicholls D, Jackson AA. Body mass 
index cut offs to define thinness in children and adolescents: 
international survey. BMJ. 2007;335:194. 

28. World Health Organization (WHO). Multicentre Growth 
Reference Study Group. WHO child growth standards: length/ 
height for-age, weight-for-age, weight-for-length, weight-for- 
height and body mass index-for-age: methods and development. 
World Health Organization; 2006. 

29. Wells JC, Chomtho S, Fewtrell MS. Programming of body 
composition by early growth and nutrition. Proc Nutr Soc. 
2007;66:423-34. 

30. Singhal A, Farooqi IS, O'Rahilly S, Cole TJ, Fewtrell M, Lucas 
A. Early nutrition and leptin concentrations in later life. Am J 
Clin Nutr. 2002;75:993-9. 

31. Larnkjaer A, Schack-Nielsen L, Molgaard C, Ingstrup HK, Hoist 
JJ, Michaelsen KF. Effect of growth in infancy on body 
composition, insulin resistance, and concentration of appetite 
hormones in adolescence. Am J Clin Nutr. 2010;91:1675-83. 

32. Suwa S, Tachibana K. Standard growth charts for height and 
weight of Japanese children from birth to 17 years based on 
cross-sectional survey of national data. Clin Pediatr Endocrinol. 
1993;2:87-97. 

33. Kawada T, Suzuki S. Validation study on self-reported height, 
weight, and blood pressure. Percept Mot Skills. 2005;101: 
187-91. 



J Epidemiol 2012;22(5):411-416 



